The chrome azurol-S universal siderophore assay and the rapid paper electrophoresis siderophore assay were used to screen 10 wood-decaying basidiomycete isolates for the formation of iron-chelating compounds. All 10 isolates were positive for chrome azurol-S reactivity on solid plating medium and in liquid cultures, and 9 of the 10 isolates produced fluorescent iron-binding compounds in the paper electrophoresis assay.
Iron, an essential element for microbial growth, exists in nature predominantly in the insoluble ferric(III) oxidation state which is not readily available for assimilation. To solubilize and sequester ferric iron, many organisms have evolved efficient high-affinity iron acquisition systems (10, 11) . Components of a high-affinity system include extracellular siderophores to chelate and solubilize ferric iron and specific membrane receptor proteins for uptake of the ironsiderophore complex (10, 11) .
Wood degradation is an oxidative process that is dependent on free-radical generation. Hymenomycetous fungi are responsible for breaking down the ligno-cellulosic matrix of wood, in part via an extracellular heme-dependent enzyme system. Iron plays a role in this process as a component of the extracellular heme enzymes involved in white rot degradation (12, 15) , and possibly in brown rot organisms, in a nonenzymatic iron-hydrogen peroxide catalysis of cellulose degradation (6, 7, 9) . The involvement of heme enzymes and the possible involvement of iron in the degradation process suggest that brown and white rot fungi have a theoretical need to control their iron levels. By analogy with other systems such as soil microorganisms (11, 16) , it seems likely that the hymenomycetous decay fungi would produce siderophorelike compounds to accumulate adequate iron.
Using two variants of the chrome azurol-S (CAS) universal chemical assay for siderophores (14) and the rapid paper electrophoresis siderophore assay (2), we screened selected isolates of the brown and white rot decay basidiomycetes for their ability to produce high-affinity iron-chelating compounds. The results of those studies are reported here.
Fungal isolates and growth conditions. Hymenomycetous isolates used in this study ( described previously (3). All cultures were grown without shaking and in the dark for the specified incubation period at room temperature.
CAS assays. The CAS universal chemical assay for the detection of siderophores was used for the purpose of screening isolates for the production of iron-binding compounds in situ. When CAS-malt extract blue agar plates were prepared by the method of Schwyn and Neilands (14) , using the malt extract basal medium above, the fungi grew poorly or not at all. Most likely, the detergent used in the CAS-blue agar medium, hexadecyltrimethylammonium bromide, was toxic for the basidiomycetes. Schwyn and Neilands (14) reported that many fungi and gram-positive bacteria are sensitive to this detergent. Schwyn and Neilands (14) suggested neutralizing excessive hexadecyltrimethylammonium bromide with an adsorbent resin. We therefore prepared CAS-malt extract blue agar plates overlaid with 10 ml of XAD-4 adsorbent polystyrene (Sigma Chemical Co., St. Louis, Mo.) in agar. The concentration of the nonionic adsorbent used was 3.75% suspended in 0.75% agar. This modification of the original assay (14) was successful and permitted us to use the method with hymenomycetous fungi. Table 1 shows that all of the 10 isolates tested induced a change of color from blue to orange on the CAS-malt extract blue agar plates plus XAD-4 resin. CAS-reactive compounds were also detected in liquid cultures after 3 weeks of incubation in the absence of any added iron. For these assays, 1 ml of CAS-hexadecyltrimethylammonium bromide assay solution (14) was mixed with 1.0 ml of fungal culture filtrate (Whatman no. 1), and the A630 was read after 1 h of incubation at room temperature (Table 1) .
Iron regulation. Iron repressibility of siderophore biosynthesis is a common characteristic of many microorganisms that are known to produce these compounds (11) . Selected basidiomycete isolates were grown in the presence of various concentrations of FeCl3 (0, 30, 50, and 100 ,uM) to determine whether the availability of iron would repress the formation of the iron-binding compounds as determined by the CAS universal assay (14) . Filtrates were collected from 30-day cultures and were analyzed with the CAS reagent.
The data in Fig. 1 show that the amount of CAS-reactive material in the culture filtrates of the representative white rot fungus, Coriolus versicolor, was inversely proportional to the amount of FeCl3 added. In subsequent parallel experiments, Gloeophyllum trabeum, a brown rot fungus, showed similar repression of the formation of iron-chelating compounds when grown with increasing concentrations of cul- ture medium iron (data not shown). This observed response to the concentration of iron added to the culture medium was similar to that expected of a typical siderophore (14) . Paper electrophoresis assay. The rapid paper electrophoresis assay for the detection of siderophores formed in solidplating culture (2) was used to confirm the results obtained with the CAS-blue agar plate and CAS liquid assays. Basidiomycete isolates were grown on defined iron-free salts medium buffered to a final pH of 7.4 as described by Schaad (13) . After 3 weeks of incubation, the isolates were then subjected to the rapid paper electrophoresis siderophore assay (2) . Data are shown in Table 1 . Of the 10 fungal isolates, only Sistotrema brinkmannii failed to form any detectable iron-binding compounds. All of the iron-binding compounds produced by the other nine fungal strains tested absorbed UV light. Only one strain, C. versicolor, was found to form more than one fluorescent compound as detected by the paper electrophoresis assay (Table 1) .
Emery (1) has noted that various fungi decrease the pH of the culture medium as a function of iron stress. Others (14, 16) have observed that yeasts, fungi, and certain Pseudomonas strains occasionally excrete metabolic chelators, such as citric acid, not directly involved in the uptake of iron. Schwyn and Neilands (14) note, however, that chelators like citrate have to be present in high concentration to give a positive test in the CAS universal chemical assay. Therefore, to test the possibility that acidic metabolic intermediates were inducing the color change in the CAS liquid assay, the pH of the fungal culture filtrate was determined. The pH of all samples tested in the CAS liquid assay was approximately 6.8, thus eliminating the possibility of a pH-induced color change of the dye complex. Furthermore, the excretion of metabolic chelators such as citric acid by some microorganisms lacks the iron regulation of siderophores (14) . The known fungal siderophore structures lack both 2,3-dihydroxybenzoic acid and 2-hydroxyphenyloxazoline as ligands and are primarily restricted to hydroxamates (4, 16) . Recently, however, Manulis et al. (8) have reported that Stemphylium botryosum forms a phenolate siderophore. Isolation, purification, and chemical characterization of these iron-binding compounds produced by wood-decaying basidiomycetes are in progress.
